We prospectively studied the feasibility and effectiveness of sputum induction in obtaining good quality sputum and its subsequent bacterial yield in children with clinically suspected acute lower-respiratory-tract infection (aLRTI). Good quality sputum was collected in 89/98 (91%) patients. Sputum cultures revealed ≥1 bacterial pathogens in 22 cases (25%). Adverse events were infrequent and mild (6%). Sputum induction is feasible in young children and leads to an increased number of etiological diagnoses of aLRTI.
Introduction
Microbiological confirmation of bacterial infection is rarely achieved in children with acute lower-respiratorytract infections (aLRTIs) because of the inability to obtain material from the infection site (ie, the lung). 1 Treatment is, therefore, mostly empirical, which irrevocably leads to overtreatment and sometimes undertreatment. Sputum induction with nebulized hypertonic saline can help adequately produce sputum in children who are otherwise unable to do so. Sputum induction is routinely used to obtain samples for microbial cultures in pediatric illnesses such as cystic fibrosis and tuberculosis. 2, 3 It may also be useful in establishing a causative diagnosis of aLRTI in otherwise healthy children. Reported success rates for producing good quality sputum vary considerably. [4] [5] [6] The purpose of this study was to determine the effectiveness of sputum induction in obtaining good quality sputum in children with clinically suspected aLRTI in the everyday, busy general hospital setting.
Materials and Methods

Study Design
A prospective study in 2 large regional hospitals (Jeroen Bosch Hospital and Máxima Medical Centre) in the Netherlands was conducted between October 2009 and October 2011. Children aged 6 months to 18 years presenting with suspected aLRTI were eligible for inclusion. Suspected aLRTI was a clinical diagnosis of the attending physician, with tachypnea and ≥1 of the following symptoms: dyspnea, fever, cough, and/or abdominal pain. Exclusion criteria for participation were a recent severe asthma exacerbation, oxygen saturation ≤92%, anatomical airway abnormalities, and the use of β-blockers or diuretics. The study protocol was reviewed and approved by the local independent ethics committees.
Study Procedures and Specimen Collection
Blood inflammation parameters (ie, leukocyte count and C-reactive protein [CRP] level), blood culture, and chest X-ray were performed before initiation of the study procedure as part of routine diagnostics. Two Patients were pretreated before sputum induction with inhaled salbutamol to prevent bronchoconstriction. Sputum induction was performed with hypertonic saline (NaCl 5.8%) inhalation using a nebulizing device with oxygen flow. When a patient was unable to expectorate sputum after induction, a sterile suction catheter was used to obtain secretions from the oropharynx. The sputum quality was determined microscopically before culture. Specimens were considered of good quality if <25 squamous epithelial cells and >25 leukocytes were present per low-power field (10x lens objective). 7 Only good quality sputum specimens were used for microbiological diagnostics. Sputum samples were cultured for 48 hours using routine microbiological procedures. A concomitant nasopharyngeal lavage sample was also obtained and used for routine bacterial culture. Also, infection with influenza A, influenza B, respiratory syncytial virus (RSV), and human metapneumovirus (hMPV) was routinely investigated by polymerase chain reaction on nasopharyngeal specimens, if considered necessary by the treating physician, taking into account anticipated seasonal circulation.
Statistical Analysis
Categorical data were compared using either χ 2 or Fisher exact test. Continuous data were first analyzed for normality using stem-and-leaf plots and quantilequantile plots, after which either a t-test or MannWhitney U test for nonparametric data was performed. To assess the agreement between sputum and nasopharyngeal bacterial cultures, a simple κ coefficient was calculated. All statistical tests were 2-tailed, and P < .05 was considered statistically significant. SPSS (version 22.0; IBM Corp, Armonk, NY) was used for all statistical analyses.
Results
Informed consent was obtained for 126 patients with suspected aLRTI, but 28 patients (22%) did not complete the study procedure and were excluded in the analysis of the microbiological sputum data (Figure 1 ). In 3 patients, erroneous sputum sample handling resulted in exclusion. The final study group consisted of 98 patients, with a median age of 2.6 years (range = 0.5-16.8 years). The study and drop-out groups were not significantly different in terms of age (P = .694), sex (P = .365), leukocyte count (P = .725), CRP level (P = .444), or radiological diagnosis (P = .289). None of the blood cultures (n = 112) showed associated bacteremia.
In 89/98 (91%) patients, a good quality sputum sample was obtained. Only 4 patients were unable to produce sputum after completing the induction procedure; 5 samples were of poor quality and were, therefore, not processed ( Figure 1 ). Mild adverse reactions were reported in 6 patients: cough (n = 3), vomiting (n = 1), wheezing (n = 1), transiently decreased oxygen saturation (n = 1), and mild epistaxis (n = 1). No treatment was needed for the adverse reactions; no serious adverse events were reported. However, children often experienced the sputum collection procedure as unpleasant.
Bacterial pathogens were isolated in 22/89 sputum cultures (25%); 13 samples grew only 1 pathogen: Haemophillus influenzae (n = 8), Streptococcus pneumoniae (n = 1), Staphylococcus aureus (n = 2), Moraxella catarrhalis (n = 1), Sphingomonas paucimobilis (n = 1). In 9 samples, 2 bacterial pathogens were isolated: H influenzae + M catarrhalis (n = 3), H influenzae + Streptococcus pneumoniae (n = 5), and Streptococcus pyogenes + Pseudomonas aeruginosa (n = 1). The detection of bacteria in sputum samples was similar in patients with and without radiologically confirmed pneumonia (24% vs 27%, P = .483).
When comparing the detection of bacteria in sputum cultures with their concomitant nasopharyngeal bacterial cultures (n = 76), different pathogens were frequently found. In 15 sputum samples, a bacterial pathogen was also found in the concomitant nasopharyngeal culture; 19 nasopharyngeal cultures yielded bacterial pathogens that were not found in concomitant sputum cultures. In 6 sputum samples, the bacterial pathogen was only detected in sputum and not in the concomitant nasopharyngeal aspirate: Moraxella catarrhalis (n = 3), Haemophilus influenzae (n = 4), and Sphingomonas paucimobilis (n = 1). No significant associations between the sputum and nasopharyngeal bacterial yield were found, with the exception of Haemophilus influenzae (κ = 0.538). Viral (co)infections (RSV, hMPV, influenza A, and influenza B) were found in 35/75 (47%) nasopharyngeal specimens. The viral presence did not differ between the bacterial sputum culture-positive and -negative groups (P = .484) or between the children with and without radiologically confirmed pneumonia (P = .87).
Discussion
This study shows that good quality sputum samples could be obtained by an induced sputum collection procedure in our everyday, busy general hospital setting in 91% of children with clinically suspected aLRTI. Our success rate is significantly higher than previously reported, using similar definitions of sputum quality. 4, 5 Bacterial pathogens were found in 25% of induced sputum samples. Not unexpectedly, Haemophilus influenzae, Streptococcus pneumoniae, and Moraxella catarrhalis were found most frequently. In 29% of positive sputum cultures, the bacterial pathogen was found only in sputum and not in the concomitant nasopharyngeal aspirate culture, suggesting its origin from the lower respiratory tract. These findings support our hypothesis that sputum induction is useful to support etiological diagnoses in every day practice because its yield is significantly higher when compared with blood culture or acute phase serology. 8 The relatively low percentage of bacterial pathogens detected from induced sputum samples is probably a result of the fact that many aLRTIs were in fact viral infections, as is common in young children. Induced sputum not only identifies bacterial pathogens but can also help exclude bacterial infections and, thus, reduce overtreatment with antibiotics. This can help minimize the development of resistance at a population level.
When comparing our results with those of a similar study performed by Mermond et al, 5 there is a difference in bacterial sputum yield (25% vs 50%). However, their good quality sputum yield was significantly lower than ours (91% vs 25%), which was attributed by the authors to methodological problems. This resulted in a sputum culture group of only 26 patients. Another study by Lahti et al 4 found evidence for a bacterial infection from induced sputum in 79% of cases but only included patients with radiologically confirmed pneumonia. In our cohort, we found no difference between the presence of common viral and/or bacterial pathogens and radiological diagnosis. Because the use of radiology for the diagnosis of aLRTIs has been a major point of discussion, 9 study inclusion based on clinical suspicion of aLRTI probably gives a more realistic reflection of everyday practice.
Even though we found no significant difference in baseline characteristics between the groups, the dropout percentage after inclusion (22%) is a limitation of our study, but is similar to that in the study by Lahti et al, 4 a study that is currently seen as a justification of sputum induction in aLRTIs.
Another limitation of our study is that we cannot rule out the possibility that, occasionally, the induced sputum did not reflect the etiology of the aLRTI because we did not compare the induced sputum cultures with material retrieved directly from the lungs by bronchoalveolar lavage or thoracocentesis, which would obviously have been unethical to perform in these non-critically ill children. The majority of bacteria found in sputum cultures were also present in the concomitant nasopharyngeal cultures. This could either mean that the sputum sample was contaminated while passing the upper-respiratory tract during expectoration or that an invasive infection by a colonizing bacterial pathogen had taken place, which is a known phenomenon in respiratory tract infections. 10 It is likely that many bacteria cultured from induced sputum during an acute respiratory tract infection play a causative role.
In conclusion, we found that sputum induction in children with suspected aLRTIs in a general hospital setting provides good quality sputum in most cases, with infrequent and only mild adverse events. It can be a useful tool for the general pediatrician to promote pathogen-based treatment of aLRTIs in everyday clinical practice.
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